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Final Technical Report
Modelling and Prediction of Regions of the North Pacific
NORDA Contract N00014-87-K-6009

1 July, 1987 — 1 October, 1989

Allan R. Robinson
Principal Investigator
Gordon McKay Professor of Geopliysical Fluid Dynainices
Division of Applied Sciences
Harvard University

This was a project for the identification and description of the phenomenology and
research into the development of a nowcast and forecast scheme for the frontal location
and predominant features of the sub-arctic frontal region of the North Pacific Ocean. The
potential coupling of the Harvard Open Ocean Model (HOOM) to a regional ocean model
was investigated. The lead scientist at Harvard and Co-Principal Investigator was Dr.
Richard Schmalz until March 1989, followed by Dr. Carlos Lozano. Mr. Wayne Leslie
also participated. Professor Gunnar Roden of the University of Washington participated

in the project as a principal scientist.

The 1dentification and description of the phenomenolégy of the sub-arctic frontal re-
gion of the North Pacific Ocean was performed in two fashions: 1) the study of climatolog-
ical and historical data (Roden and Robinson, 1988, 1989); and 2) the gathering of AXBT
data sets which were repeated at one week intervals duri. g different seasons. Initially, data
was collected at one week intervals for three weeks during February and April/May 1988.
Intensive real-time exercises were conducted during June/July 1988 and June/July 1989.

The data collected are described in various NOARL publications. Figure 1 describes the
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typical frontal features of the region. The AXBT data gathered suggests the existence of
a primary 300 km quarter-period wave with a 1 week quarter-period time scale. There is
also evidence of a secondary wave superimposed on the primary wave. Additionally, the

data suggests the existence of instabilities on the frontal wave structure.

. Field data was objectively analyzed to provide model initialization and comparison
fields for the development of al nowcast and forecast scheme. Analysis of the data for the
statistical component of the procedure determined the utility of an isotropic correlation
frnction with a zero crossing at 70 ki aud an e-folding scale equal to 40 km. There was
insufficient data to determine the temporal correlation scale. Research into the problems
of model initialization (extension of shallow AXBT data into deep fields, use of clima-
tological S(Z) with observed T(Z) to provide dynamic height fields, level of no motion
determination through barotropic mode adjustment) was accomplished using this ana-
lyzed field data. Initial results indicated that adequate results could be obtained through
the use of a forecast model involving: nine levels, a flat bottom, a level of no motion at
1500 m, 15 km horizontal resolution, and 3 hour time steps. These forecast parameters
were determined through the use of prototype hindcasts; varying model parameters and
comparing model results (hindcasts).with analyzed data. Typical results for the 1988
forecast experiment data are shown on Figure 2. Four independent synoptic realizations
providing initialization, updating and verification data for three forecast periods are shown
on Fig. 2a. Figures 2b,c,d are forecasts and hindcasts using various strategies of persisting
or interpolating boundary conditions around the rim of the domains, for the three forecast

intervals.

Real-time field trials of the forecast system were accomplished in June/July 1988 and
June/July 1989. The field trials tested the electronic data transfer methods and the ability
of the forecast system to predict feature evolution in an operational mode. Forecasts were

available within a few hours of receipt of the full initialization data. These forecasts used




persisted boundary conditions. As boundary updates were received from the field, new
forecasts were performed using the improved boundary conditions. Subsequent full field
data flights provided verification data for the forecasts and new initialization fields for
al new set of forecasts. These trials were followed by post-analysis of the correspondence
between forecasted and observed fields. Evaluation of the results showed that the connected
model set forecasts predicted general feature propagation and form evolution in agreement
with observed data and that an unusual observed instability was formed by the forecast
system:. It was determined that during the real-time forecast trials, satellite IR was of

relatively little use due to significant cloud coverage.

Funding for this contract was ended before the scheduled finishing date of this project.
As a result, research and development was left incomplete and conclusions could not be
reached about many aspects of the unfinished work. The use of GEOSAT data as an aid to
model initialization was inconclusive. The coupling of the HOOM to the Harvard Surface
Boundary Layer Model for this region was in progress and the coupling of the HOOM to

the NOARL regional model was in its initial stages.

The abrupt termination of this project precluded the accomplishment of the usual
number of publications. One technical report was published, (Roden and Robinson, 1988).
A second technical report (Roden and Robinson, 1989) was nearly completed and a non-

final but technically useful draft is appended to this report.
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Figure 1 Schematic showing the subarctic temperature fronts (SATF), the subarctic salinity fronts
(SASF), the subarctic temperature frontal sone (TFZ) stipled and the subarctic salinity frontal sone (SFZ).
The frontal sones separate the subarctic region and the subarctic-subtropical transition sone.

(Robinson and Roden, 1988 - Figure 4)
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